The Hydration Effect and Selectivity of Alkali Metal Ions on Poly(ethylene glycol) Models in Cyclic and Linear Topology.
The effects of hydration and alkali metal ion (K+, Na+, Li+) bonding to two structural variants of poly(ethylene glycol) (PEG), viz., a cyclic (18-crown-6) configuration and a linear chain model with two different lengths, are studied by ab initio density functional theory calculations. A total of 24 structural models are constructed, with different conformations of the PEG chain and its molecular environment. Detailed comparisons of the results enable us to obtain conclusive evidence on the effects of the different components of the solution environment on the PEG structural variants in terms of the binding energy, partial charge distribution, solvation effect, interfacial hydrogen bonding, and cohesion between different structural units in the system composed of PEG, alkali metal ions, and water. On the basis of these comprehensive and precise comparisons, we conclude that the ion-PEG interaction is strongly influenced by the presence of solvent and that the charge transfer in the PEG complex depends crucially on its topology, the type of alkali metal ion, and the solvent. The interaction between alkali metal ions in the two PEG models does not always scale with the ion size but depends on their local environment.